Background: As with food-taxation strategies, such interventions as discounted healthy menus, point-of-purchase advertisements, and sugar-free beverages for employees at worksites could help prevent obesity. This study assessed the effectiveness of food environment interventions incorporating financial incentive or social marketing strategies at workplace cafeterias, vending machines, and kiosks toward preventing obesity and improving dietary habits. Methods: We conducted searches on CENTRAL, MEDLINE, EMBASE, CINAHL, and PsycINFO databases. The study designs included were randomized control trials (RCTs) and cluster RCTs. We evaluated the effectiveness of financial incentive or social marketing strategies interventions (such as discounts) on health outcomes or food intake behavior. Two reviewers independently screened the studies for inclusion. We assessed the risk of bias using the Cochrane Collaboration's tool. This protocol was published in 2014. Results: We included three trials, with a combined total of 3013 participants. There were limited available data from RCTs on changes in body weight. No eligible social marketing studies were retrieved. In some cases, a metaanalysis could not be conducted owing to differences in the analytic methods for the outcomes. Conclusions: Lack of evidence made it difficult to draw any conclusions. In future surveys, it will be necessary to conduct interventions focusing only on financial incentive intervention versus no intervention in order to determine whether the incentive strategy has a clear impact.
Background
Obesity is a leading cause of metabolic syndrome and lifestyle-related diseases such as diabetes, high blood pressure, and high cholesterol [1] [2] [3] . According to the Organisation for Economic Co-operation and Development (OECD) [4, 5] , the proportion of adults who are overweight, including obese adults with a body mass index (BMI) ≧ 30, has been increasing steadily worldwide since 2000. In particular, approximately 30% of the population is obese in the United States (US), Mexico, and New Zealand, and more than one in four adults are obese in Australia (28.3%), Canada (25.8%), and Chile (25.1%) [5, 6] .
The World Health Organization (WHO) emphasized that proper diet and nutrition, including an avoidance of excessive intake of calories, saturated fatty acids, and added sugar in food, are crucial to the primary prophylaxis of chronic diseases [7] . Furthermore, consumption of fruit, vegetables, polyunsaturated and monounsaturated lipids, and whole grains has been shown to be associated with a reduced risk of cancer, ischemic stroke, and heart disease [8] [9] [10] [11] [12] , and WHO recommendations include an increased intake of fruit and vegetables, whole grains, beans, dietary fiber, and nuts [7, 13] .
Obesity is most prevalent among 40-to 60-year-olds [14] . As this demographic is highly represented in the workplace, the company cafeteria is an ideal setting for introducing dietary interventions that focus on eating and buying habits, not only for workers in general but also for this high-risk group in particular. People typically spend more than one third of their daily lives in the workplace, and many use employee cafeterias, vending machines, and kiosks more than once a day; thus, the workplace is an important location for promoting changes in the eating behavior of the working generation. A population approach to reducing obesity has the potential to change eating behavior and has a much broader coverage than group interventions [15] .
Behavioral science theory combined with psychology, sociology, health education pedagogy, and nutrition education, such as the Health Belief Model [16] , the Trans-Theoretical Model [17] or Social Cognitive Theory [18] for individual interventions, and Social Marketing [19] or Innovation Theory [20] for organizing interventions, has been shown to provide effective approaches to engendering behavioral change [21] . Recently, "financial incentive" strategies including food taxation, discounted prices, and points systems or token economies have been used as food environment interventions [19, 20] . Furthermore, social marketing in behavioral science theory comprises four concepts: product, price, place, and promotion. Price refers to the price of a person's resources (e.g., money, time, effort) [19] . We decided to include "social marketing" and used price, such as discounts, in this intervention program. We defined social marketing as signifying education programs throughout the workplace; however, social marketing usually has a much broader meaning, and it often refers to public education campaigns for all places [22, 23] . In particular, national policies on food taxation, such as the tax in Denmark on foods high in saturated fat [24] as well as the junk food tax in Hungary [25] and sugar-sweetened beverage tax in the United Kingdom [26] targeting diet at the national level to prevent non-communicable diseases, have drawn considerable attention and gained traction through the efforts of the WHO [13] . Several studies have investigated the influence in workplace settings of price discounts on healthy food items at cafeterias, sugar-free beverages, and low-fat snacks from vending machines or kiosks and free servings of fruit and vegetables on food purchasing behavior [27] [28] [29] . However, most reviews of these types of intervention do not only focus on food consumption but also evaluate the quality of evidence of physical measurements and blood test findings (e.g., cholesterol) relevant to obesity. These outcomes are important toward preventing obesity and lifestyle-related diseases among workers; thus, a comprehensive, systematic review of them is required.
Objectives
The purpose of this systematic review was to evaluate the effectiveness on health outcomes or food intake behavior at the population level of financial incentive policies applied to workplace cafeterias, vending machines, or kiosks in preventing obesity among employees.
Methods
The protocol of this systematic review has been published elsewhere (PROSPERO, CRD4201401056) [15] . In this study, we adhered strictly to a protocol based on the Cochrane Systematic Review method [30] . We included randomized control trials (RCTs) and cluster RCTs and excluded quasi-RCTs and crossover RCTs. Studies were included based on the following criteria: (1) participants were employees at any worksite and included both men and women; (2) intervention types were organization-based, food-based, incentive-pricing strategies or social marketing applied to workplace cafeterias, vending machines, and kiosks. The primary outcomes of the study were changes in weight (kg), body mass index (BMI) (kg/m 2 ), and changes in hemoglobin A1c (HbA1c) (%). The secondary outcomes were blood pressure (mmHg), changes in cholesterol levels (mg), food consumption (changes in vegetable consumption 
Search strategy
We searched the following scientific databases from the commencement of the study to January 13, 2016, and we conducted an update on November 18, 2017: CENTRAL (Cochrane Central Register of Controlled Trials), MED-LINE, EMBASE, PsycINFO, and CINAHL. We included all languages in our search and also hand-searched conference proceedings and reference lists of all the included studies and review articles.
Exclusion criteria
Studies were excluded if they (1) were observational, quasi-experimental, or cross-over in design; (2) focused on exercise-based interventions or on interventions that did not incorporate incentive-based pricing strategies, coupons, free food, or social marketing or included individualized education programs; and (3) included participants who were unemployed, retired or not working, or included only pregnant women, people with allergies, or serious physical or mental illnesses.
Data collection and assessment of quality of studies
Two reviewers (KS and KW) independently screened the titles and abstracts to find eligible studies. After excluding studies that did not clearly meet the inclusion criteria, we collected the full text of the remaining studies. KS and KW independently assessed these studies against the eligibility criteria using a data extraction form adapted from the Cochrane Collaboration Handbook [30] . The same reviewers also independently assessed the risk of bias in accordance with the Cochrane Collaboration's risk-of-bias tool, which is composed of seven domains: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other bias [30] . We judged each domain as high, low, or unclear risk of bias. If disagreements occurred between the two reviewers, we consulted with the other authors (SS and EO). Any further disagreement was resolved by discussion among all the authors.
Data analysis/synthesis
We conducted statistical analysis using the Cochrane Collaboration software (Review Manager Version 5.3) [31] . Continuous variables were evaluated using a random effects model and presented as the average range with a 95% confidence interval (CI), a p value of 0.05, and estimates of Tau 2 and I 2 . If the outcomes of the included studies were insufficient, we did not combine the trials. We used the Grades of Recommendation, Assessment, Development and Evaluation Working Group (GRADE) [32] guidelines to assess the quality of evidence for important outcomes. The GRADE approach consists of five categories (limitations or risk of bias, consistency of effect, indirectness of evidence, imprecision, and publication bias) for assessing the quality of evidence for seven or fewer main outcomes. The quality rating of the evidence was presented in four levels (high, moderate, low, very low). Outcomes of the RCT were downgraded from "high quality" by one level for serious limitations (or by two levels for very serious limitations), depending on the assessments of the risk of bias, indirectness of evidence, serious inconsistency, imprecision of effect estimates, or potential publication bias [30] . The GRADE approach was used to assess the quality of the evidence for six major outcomes: weight changes, BMI, HbA1c, blood pressure (BP), cholesterol ( total cholesterol (TC), low-density lipoprotein (LDL), highdensity lipoprotein (HDL)), and fruit intake.
Results

Description of studies
See Table 1 and Table 2 .
Results of the search
We screened 3815 reports from the commencement of the study to January 13, 2016, and we made an update on November 18, 2017. Of these, 48 reports were selected, and six trials from seven of these reports were found to be eligible for full-text assessment. After careful screening, we included three trials (Fig. 1) [33] [34] [35] .
Participants
The three trials comprised a total of 3013 participants, including 2059 men and 954 women who were employees aged 18 to 79 years old in various workplace settings. One trial was conducted in Philadelphia and one in Massachusetts in the USA [34, 35] ; the other study was conducted in the Netherlands [33] . The American trials were conducted in a hospital [34, 35] while the Dutch trial was conducted across several settings including a hospital, industrial company, university, and police department [33] .
Interventions
All three trials focused on community-based financial incentive interventions at worksite cafeterias (the interventions did not include vending machines or kiosks).
No intervention programs used social marketing. One trial [34] evaluated environmental change (food labeling) plus a price-discount intervention and small group education intervention on low-energy-density food. Another trial [33] evaluated eating behavior after exposure to the sale of smaller portion sizes with some pricing discounts. The third trial evaluated [35] reward incentive plus a feedback message as well as only a feedback message with no intervention (control). One trial assessed the impact of weight changes, BP, blood lipid levels (TC), HDL, and LDL [34] . The same trial examined the dietary intake of fruit, vegetables, bread products or dairy products, fat and sweets, and meat as well as energy intake [34] . Another intervention looked at the sales data of fried snacks [33] , and the other assessed calorie intake from food consumption by sales data and food intakes by 24-h food recalls between the baseline and post-intervention [34] . The other trial used a traffic light labeling (red, yellow, green) system for the consumption of several food groups by means of register data between the baseline and post-intervention and 3-month follow-up [35] .
All three trials included a financial incentive. One trial [34] combined a pricing discount (15% discount for low-energy-density or 25% discount for very low-energy-density foods among cafeteria items) with a food environment and nutritional education program. The Dutch trial included a pricing discount (35% discount for about two-thirds the size of a standard portion or 20% discount for a smaller portion size, which added to assortment and value-size pricing) and environmental interventions (food labeling and providing more healthy options) [33] . The American trial focused on group education and pricing discounts versus an environmental intervention without pricing discounts [34] . Only one trial included a reward (US$10 a month for achieving the "green goal" with all 
Intervention group (density education and incentive): environmental change (EC)-plus
Financial discounts: 15% discount (low-energy density) or 25% discount (very low-energy density) for cafeteria food items which were lower in energy density (e.g., soups, salads, diet soda, any entrees or side dishes etc., labeled as low or very low in energy density) *Green: very low in energy density (< 0.6 kcal/g) *Yellow: low in energy density (< 0.6-1.5 kcal/g) *Orange: medium in energy density: (< 1.6-3.9 kcal/g) *Red: high in energy density: (< 4.9-9.0 kcal/g) Group sessions (four time × 60 min) during which subjects were informed about the energy density of different food items.
Intervention group 1 (feedback incentive):
Rewards for achieving "green goal" (40%, 60%, 80%) of all cafeteria purchases. Each time the goal was achieved in a month, $10 was earned as a reward.
Same as feedback-only group cafeteria purchases) for green-labeled items under the traffic light labeling of food groups [35] . That trial assessed consumption of green labeled items (healthy items) based on positive criteria, e.g., fruits, vegetables, or whole grains. The Dutch trial also focused on smaller portion size with pricing discounts versus smaller portion size versus no intervention [33] .
For details of the included studies, see Table 1 .
Excluded studies
We excluded 40 trials from this review (see Table 2 ). Of these, 16 trials did not involve randomization or their design was outside the scope of this review, six did not include eligible participants, ten had no financial RCT randomized controlled trial, I/C intervention/control, SD standard deviation, BMI body mass index, SV serving, Na sodium incentives program, four included multiple interventions, and four were review articles. Although four trials initially met most of our inclusion criteria for this review, we eventually excluded them because two of the studies included a combination of employees and students as participants [36, 37] . The other trials involved financial discounts and multiple interventions such as improving fitness [38, 39] .
Risk of bias in included studies
We assessed the studies for the potential risk of selection, performance, detection, attrition, and reporting bias. See Figs. 2 and 3 for a summary of these assessments (Additional file 1).
Allocation (selection bias) Sequence generation
With two trials, risk of bias could not be adequately judged because no detailed information was provided about random sequence generation. With one trial, the sequence generation involved a simple randomization executed in Microsoft Excel (Redmond, WA).
Allocation concealment
The three trials provided no information about allocation concealment and were thus considered to have an unclear risk of bias.
Blinding (performance bias and detection bias)
In all three trials, blinding the participants to the intervention was impossible, and the outcomes might have been affected by this high risk of bias.
Incomplete outcome data (attrition bias)
Losses to follow-up ranged from 1.4% in the study by Thorndike et al. [35] to 44.5% in that by Vermeer et al. [33] . Two trials had a low risk of bias [34, 35] while the other had a high risk of bias [33] .
Selective reporting (reporting bias)
One trial was as assigned a high risk of bias because no data outcomes were included in the methods [34] , and two trials were assigned an unclear risk of bias because there was insufficient information for judging of low or high risk [33, 35] .
Other potential sources of bias
Two trials had an unclear risk of bias from other sources in terms of the differences between intervention and control groups with respect to baseline characteristics were not significant for most of the reported outcomes. Only one outcome (fruit) was different at baseline but did not show any significant value [34] . One trial had insufficient information and was assigned an unclear risk of bias [33] .
Effects of interventions
See Table 3 .
Financial incentive interventions using discounting strategies and a reward system
The three trials included financial incentive and discounts for 2059 men and 954 women aged 18 to 79 years old. For the primary outcomes, no significant effect on weight change was found in the American trial (mean difference (MD) 0.0 kg, 95% confidence interval (CI) -11.69 to 11.69, p=1.00 one trial, 78 women and 18 men). Using the authors' reported effect size for repeated measures analysis with partial eta 2 (η 2 p ), weight change was F (1.7) = 2.56, p = 0.11; η 2 p = 0.04; one trial, 78 women and 18 men aged 21 to 65 years old [34] . A cutoff of 0.01, 0.06, and 0.14 for small, medium, and large effect sizes, respectively, was used [34] . No outcomes were reported for BMI and HbA1c. For secondary outcomes, no significant effects were observed for changes in total cholesterol levels (MD 16.1, 95% -4.67 to 36.87, p=0.13; one trial, 78 women and 18 men) (F (1.66) = 5.06, p < 0.05, η As the outcomes for the intake of vegetables, fried snacks, bread or dairy products, fat and sweets, and meats, had insufficient data in the included trials, we did not calculate their mean difference and were unable to combine the data. No significant differences were found in energy intake or sales data between the incentive and no incentive groups. "Sales data" signifies cafeteria register data, which were the total unit sales at the cafeteria. With food purchases recorded at lunchtime, the approximate energy (kcal) and purchased proportion of calories from fat, protein, and carbohydrate were calculated. We were unable to analyze the mean group difference for energy intake between groups due to insufficient data.
One financial incentive involved a reward system instead of offering a discount for green-labeled items, which were positive foods (fruits or vegetables, whole grains, and lean protein or low-fat dairy as the main ingredient) [35] . The percentage of increasing green-labeled purchases was significantly greater in the incentive with feedback intervention (2.2%; p = 0.03) than that in the control (0.1%).
Discussion
Summary of main results
Incentive-based interventions with pricing strategies at workplaces provided no clear evidence of a significant reduction in the risk of body weight gain. However, such interventions may have an influence on fruit intake. Neither benefits nor harms were found for other important outcomes. This review did not integrate multiple research outcomes because the number of the RCTs was extremely small. 
Selfassessment
⊕ ⊕ low 1,2,3 
24-h dietary recall
Financial incentive intervention compared to no incentive intervention in terms of outcomes. Patient population: workers. Settings: workplace cafeteria. Intervention: financial intervention (+ environmental intervention) Comparison: no incentive intervention (+education) *1statistically significant changes in the intervention group and no intervention group *2repeated measures analysis reported using partial eta2 (η 2 p ) Effect sizes (η 2 p ); 0.01,0.06,0.14 = small, medium, large Quality of evidence (GRADE) 1. Random sequence generation, allocation concealment, blinding, selective reporting, and other biases high or unclear 2. Random sequence generation, allocation concealment, blinding, incomplete outcome data, selective reporting high or unclear 3. Small sample size 4. Baseline showed a significant difference for fruit consumption 5. Wide 95% CI SD standard deviation, CI confidence interval, HbA1c hemoglobin A1c
Overall completeness and applicability of evidence Incentive-focused interventions incorporating healthy menus at discounted prices in workplace cafeterias did not clearly demonstrate a significant effect in reducing body weight, but were associated with an increased intake of fruit. According to Lowe [34] , fruit intake increased in the group that received incentive-based intervention involving discounted food, and decreased in the group that received no discount. This generated significant interaction between the groups indicating the effect size of increased fruit intake. However, this evidence was derived from a single study alone and was therefore included in the category of low-grade evidence. No significance was noted for the other food categories such as vegetables, or fruit and vegetables. In addition, BMI, HbA1c, and blood pressure were not verified.
In the study by Lowe et al. [34] , cholesterol levels (TC, LDL, and HDL) did not show any significantly positive change. However, TC and HDL increased in the intervention group, which received a dietary environment program with additional discounting strategies (environmental change [EC]-plus group). In contrast, the group that received the dietary environment intervention alone (no discounting strategies) showed a tendency toward decreased TC and HDL levels (EC Group). This resulted in a significantly greater interaction between the two groups, which was the unexpected outcome. The participants of this research were mostly obese or overweight, with an average BMI of 29.7 (SD = 6.0). The researchers pointed out the possibility that since the average participants' BMI was high, a backlash against energy-suppressing initiatives could occur in such individuals [34] . Furthermore, the integrity of the program itself might have been compromised because the number of menus subject to discounting strategies was small. In addition, evaluation of the intervention details from the viewpoint of TC and LDL outcomes revealed that the pricing-strategy intervention did not focus on menus with a low saturated fatty acid content, which is highly associated with LDL, but on low-energy menus.
For the present review, studies of interventions at cafeterias only were included. Studies of discounting strategies applied to vending machines or convenience stores (farmer's markets) inside the workplace [38, 39] , and incentive-based interventions providing food free-of-charge at cafeterias [36] were excluded because they were part of broader research including exercise-based intervention, or because the participants did not meet our inclusion criteria [36, 37] and might cause contamination of the intervention effect if they were included. For details of these excluded studies, see Table 2 .
Quality of the evidence
Overall, we found the methodological quality of the studies in this review to be low. We used the GRADE approach [32] to evaluate the quality of evidence of the two trials, which featured a total of 404 participants. Regarding the outcome parameters of weight change and TC, LDL, and HDL levels (all derived from one study alone) [34] , we found that the sample size was small, that the assessment for risk of bias was unclear, and that the research population mostly consisted of obese overweight. The intervention group underwent a dietary environmental intervention in combination with an incentive-based intervention, whereas the comparison group underwent dietary environmental intervention alone, which meant that no pure control group was established. In both studies, the intervention group and the comparison group overlapped. In light of these facts, we determined that the assessment item "non-directness" should be rated as "serious" and concluded that the quality of the evidence was very low. For BP, we concluded that the quality of the evidence was very low due to the above-stated reasons and also because while the methodology was described, the results were not, generating a reporting bias on selective outcomes. The outcome parameter of fruit intake was rated as "not serious'" because a 24-h recording method was used for measurement; however, it was re-graded as "serious" since the conclusions given above were considered to apply with respect to the sample size and the assessment item of "non-directness." It was ultimately determined that the quality of evidence for fruit intake was low.
Potential biases in the review process
We strictly adhered to a protocol based on the Cochrane Systematic Review method and tried to minimize potential biases by having two reviewers independently screen and assess studies for relevance, risk of bias, and quality, and then compare their results. If the reviewers provided different results, the third and fourth authors were consulted and a consensus among all authors was reached.
Agreements and disagreements with other studies or reviews
In the non-RCTs that were excluded from this review, positive results on purchasing rates and behavior related to pricing strategies were reported [40] . Verifying the outcomes of the physical indicators and biochemistry test results in RCTs only made us conclude that at present, we cannot clearly argue that incentive-focused interventions with pricing strategies are associated with body weight reduction. The results by An [27] , who investigated purchasing behavior related to pricing strategies in their review including non-RCTs, were very similar to those obtained by this review with respect to food intake and purchasing behavior. The research [40] on pricing strategies applied to low-fat snacks sold in vending machines installed at worksites and schools demonstrated that a 10% discount did not result in a significant increase in purchasing, whereas a 25% or 50% discount significantly increased purchasing. In our included studies, one study applied discounts of 15% and 25% [34] and the other [33] gave discounts of approximately 33% by reducing the portion sizes to two-thirds. As the intensity of incentives was relatively mild due to the inclusion of the 15% discount, the research results should be carefully interpreted.
Authors' conclusions Implications for practice
From our review, we were unable to conclude clearly the impact and effect of incentive-based interventions, such as pricing strategies, in the field: such evidence as physical indicators and biochemical test data was insufficient. However, there is a possibility that a discount-based approach at workplace cafeterias may contribute to an increased intake of fruit, which may help to prevent lifestyle-related diseases. Since the long-term effect is unknown, and these outcomes were obtained from one study in which most participants were overweight, the results may apply more to employees with a greater tendency toward obesity rather than employees in general. The three studies included in this review had an unknown or high risk of bias, and therefore the results should be carefully interpreted.
We were unable to evaluate effects of incentive programs for vending machines, shops at worksites, and other relevant places since contamination occurred with regard to inclusion criteria for participants and program details, and the number of trials and participants was small. However, the food environment approach at the workplace is important in promoting health for all employees; thus, further development of effective programs and sufficient verification are necessary.
Implications for research
Although the small number of studies in this review makes the effectiveness of incentive-based interventions uncertain, there is a possibility that these interventions may affect food-purchasing behavior. Higher quality RCTs are needed to investigate incentive-focused interventions using pricing strategies or any other relevant approaches with respect to body weight, BMI, and biochemistry test results. In addition, studies with long-term follow-up and greater sample sizes are necessary. Considering the possible benefit of increased fruit intake resulting from discounted pricing strategies, evaluating the effects on both blood pressure and potassium level, which is closely related to blood pressure, is important for future studies. Furthermore, the specific content of incentive programs, including but not limited to the size of the discount rate and effective programs, needs to be clarified. In future studies of interventions in food environment programs, physical indicators, biochemistry data, other relevant parameters, and study design should also be carefully evaluated to reduce the risks of bias affecting research quality and to understand correctly the impact of pricing strategies on incentive-focused interventions, for example, forming a control group in which educational intervention is not performed.
Box 1 The PICOS criteria
Participants Employees at any worksite, including both men and women
Intervention Organizational-based, food-based incentive-pricing strategies or social marketing in workplace cafeterias, vending machines, and kiosks
Comparison Any other treatment, other interventions, or placebo Outcome Primary outcomes (continuous variables):
